Introduction
Environmental factors such as maternal nutrition during intrauterine development may program the neuroendocrine system and alter its function in later life (Cerf et al., 2012) . It is demonstrated that metabolic diseases have their origin in early life nutritional experience such as maternal high-fat (HF) diet consumption during gestation and lactation (Srinivasan et al., 2006) . The changes in energy balance and cells' response to insulin are the important metabolic changes in the offspring of HF-fed dams (Sullivan et al., 2015) . Maternal HF diet consumption increased abdominal fat in dams at the end of the lactation period with increased (Jacobs et al., 2014) or without any change (Desai et al., 2014) in leptin plasma level, while fasting plasma insulin concentration was increased. In the offspring of these dams, the plasma leptin concentration was higher than that in the control rats in adulthood. Also reported are an impaired glucose tolerance and increased fasting insulin, associated with higher (Desai et al., 2014) or normal (Jacobs et al., 2014) fasting glucose concentrations. Moreover, some studies showed that HF diet consumption in rats (Cerf et al., 2012) or mice (Tuohetimulati et al., 2012) in pregnancy and lactation periods resulted in glucose intolerance and increased the homeostasis model assessment of insulin resistance (HOMA-IR) index (Cerf et al., 2012; Miotto et al., 2013) in offspring. The issue of the impact of maternal HF diet consumption on glucose homeostasis in both mother and offspring has attracted much attention and needs to be further clarified. We say this in the light, on one hand of varying reports on the effect of HF diet consumption during pre-pregnancy, pregnancy, and lactation periods on energy balance and response to insulin in both mother and offspring, and on the other considering the adverse metabolic consequences of maternal HF diet in critical periods of life (fetal and neonatal), as mentioned above. The present study investigated the effects of chronic maternal HF feeding (in prepregnancy, pregnancy, and lactation periods) on corticosterone, leptin, glucose, and insulin plasma levels as metabolic parameters, as well as glucose tolerance and the HOMA-IR index in dams and adult male rat offspring.
Materials and methods

Animals
Animals were kept in a room ((22±2) (Table 1 ). All diets and tap water were provided ad libitum for the animals except during fasting conditions. At weaning, the male offspring from CON dams (CON offspring) and HF dams (HF offspring) of 8 different litters were housed (2 per cage) and fed normal diet until postnatal day (PND) 70. The body weight, food, calorie, and water intakes in all groups were measured twice a week; in offspring food and water intakes were assessed from weaning to PND 70. All institutional and national guidelines for the care and use of laboratory animals were followed and approved by the Ethical Committee of the Neurophysiology Research Center, Shahid Beheshti University of Medical Sciences, Iran (No. IR.SBMU. MSP.REC.1395.129).
Blood sampling and intraperitoneal glucose tolerance test (IPGTT)
Blood sampling was performed in fasting status (16 h) under pentobarbital anesthesia (Sigma, USA; 60 mg/kg, intraperitoneally (IP)), between 8:00 a.m. and 10:00 a.m. on 22 d after post-partum in dams and on PND 70 in offspring by cutting the tail. Blood was collected into a microtube containing 5 μl/ml heparin (5000 IU/ml) and immediately centrifuged at 3000g for 5 min at 4 °C and plasma was kept at −80 °C. In the anesthetized rats, glucose (20% (0.2 g/ml) solution in water) was injected IP (2 g/kg) and blood samples were taken after 15, 30, 60, 90, and 120 min in order to measure plasma glucose and insulin concentrations.
After blood sampling, the anesthetized animals were decapitated and intra-abdominal fat was removed and weighed.
Assays
Plasma glucose concentration was determined using the glucose oxidase method (Pars Azmoon, Iran). The rat insulin enzyme-linked immunosorbent assay (ELISA) kit (Mercodia, Sweden), corticosterone ELISA kit (DRG, Germany), and rat leptin ELISA kit (CUSABIO, China) were used to measure plasma insulin, corticosterone, and leptin concentrations, respectively.
HOMA-IR index
The HOMA-IR index as a method of assessing insulin resistance was calculated using the following formula: HOMA-IR=(C i ×C g )/22.5, where C i is fasting insulin level (μU/ml) and C g is fasting glucose level (mmol/L) (Rostamkhani et al., 2012) .
Statistical analysis
All data are expressed as the mean±standard error of the mean (SEM). A mixed analysis of variance followed by least significant difference (LSD), and the unpaired t-test were used to compare groups. A P-value below 0.05 was considered to be statistically significant.
Results and discussion
The results show that in HF dams the food (P<0.01) and water (P<0.01) intakes were lower, but the calorie intake (P<0.001) was higher than those in CON dams, while their body weight was not different from controls (data not shown). HF diet increased intra-abdominal fat weight and plasma level of corticosterone, whereas it decreased plasma leptin and did not change plasma glucose or insulin concentration, nor the HOMA-IR index (Table 2 ). In HF dams during IPGTT, the plasma glucose level did not show any significant difference compared to CON dams except for 120 min; however, they showed a higher plasma insulin level (Figs. 1a and 1b) . In HF offspring, food (P<0.01), calorie (P<0.001), and water (P<0.001) intakes were lower than those in CON offspring, also after birth to PND 70, they showed a lower body weight (P<0.001) (data not shown). Moreover, maternal HF diet decreased the intra-abdominal fat weight and plasma levels of corticosterone and leptin, without any change in fasting plasma glucose or insulin concentration nor HOMA-IR index (Table 2) . After glucose injection, the plasma glucose levels at 60 and 90 min were significantly decreased in HF offspring, while their plasma insulin levels did not show any difference compared with the control rats (Figs. 1c and 1d) . The decrement of plasma leptin level in HF dams could be due to reduced insulin-dependent glucose metabolism in adipocytes, which is necessary for leptin production and secretion (Mueller et al., 1998) . In addition, the lower food intake (yet hypercaloric intake) despite decreased plasma leptin level was perhaps induced by elevated levels of insulin (Clegg et al., 2011) and corticosterone (Desai et al., 2014) in HF dams, which both inhibit food and energy intakes. in plasma glucose (a, c) and insulin (b, d) levels during IPGTT in dams (a, b) and offspring (c, d ) Each point represents mean±SEM (n=10, group for dams; n=8, group for offspring). CON: control; HF: high-fat; offs: offspring.
† P˂0.05, † † † P˂0.001 vs. control group Also the elevated corticosterone level of HF dams could be related to the stimulatory effect of the HF diet on hypothalamic-pituitary-adrenal (HPA) axis (Tannenbaum et al., 1997) . Despite the lack of difference in HOMA-IR index between HF and control groups of dams and offspring, the increment of plasma insulin levels during IPGTT, which was observed in HF dams, represents insulin resistance, whereas it is expected that the physiological state of insulin resistance in pregnancy dissipates during lactation (Stuebe and Rich-Edwards, 2009) , and therefore the lack of dissipation could be the result of HF feeding. In offspring most of the studies have shown that prenatal exposure to an HF diet increases birth weight and weight gain in postnatal days. In this study, a decrease in food and energy intakes as well as body weight, which was observed in HF offspring, could be the result of changes in feeding regulatory centers programming or switching from the HF to a control diet (Miotto et al., 2013) . Since HF offspring are exposed to high level of dams' corticosterone during critical period of life, their HPA axis programmings might be affected and cause a lower level of plasma corticosterone in adulthood.
In HF offspring during IPGTT, a faster decline of plasma glucose level from peak to base line shows a degree of insulin sensitivity. Exposure to high levels of fatty acids in fetal and neonatal periods (Innis, 2005) could affect metabolic programming of HF offspring including their neuroendocrine system and responsiveness of cells to insulin (Kabaran and Besler, 2015) . In addition, following maternal HF feeding we observed several limitations including decreased number of pups per litter and increased mortality rate of the pups as a result of cannibalistic events which have been reported in other studies (Bellisario et al., 2014) .
It seems that long-term maternal high-fat feeding may act as a stressor and induce insulin resistance in dams and alter neuroendocrine system programming in offspring.
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